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(54) SUPERJUNCTION SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: To elevate breakdown 
strength, in a superjunction semiconductor element 
which is equipped with a drift layer, consisting of parallel 
pn layers letting current flow in on conditions and also 
being depleted in off conditions. 

SOLUTION: This superjunction semiconductor element 
is provided with an n high-resistance region 20, around a 
drift layer 12 consisting of parallel pn layers composed 
of n drift regions 12a and p partition regions 12b, and 
concentration ND of the impurities in the high- 
resistance region 20 is set at 5.62 x 1017 x VDSS-1.36 
(cm-3) or lower. But, VDSS shows breakdown strength 
(V). Furthermore, an n-channel stopper region adjacent 
to the high-resistance region 20 is arranged. 
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*Nb*«. iHtt**ilKt:*^«)Wffi*Voss (V) fcUfc 
5. 6 2 X 1 OHXVdss-1-36 (cm-J) 

<t#ai:T?)it*ig 1 £fcfi 2 CEttQiBflte**** 

7. 20 

[18*316] M^Jp n Jf £>JHB§(e. m-«mSi©BiffitrC 
*«*#r*t*, J^«0>*xi*«S!tt«JO*Wt©IE 

|iE«lfttS««¥L t*1$»tt5!il*« l trESc© 
©JBSStfJIEefcro'FHifeSa*. M^iJp nB«ft««(OI« =>° 

mm&m-rztt* s^»jrom-#m«a h u 7 s«s*£© 

E*©ffltta¥8M***. 

tt< g&frWft-f *>£A<;: «fc ttmm<n H— e >y£fc 



2 

m. 

5f>«SiT«aSSS:aST<J:tfe»C^-7ttagT«^Sfk-r 
£SlcEKLfc&?Jp nil i£flS**j@&£¥«#iB J ? : 

*. mnm<D?s-mmm h u 7 h««©-r *>&xmm 

9t>/hS<»eU SWfflFU 7 h*« 

2] m-tmxroiffit. -en-e'ncoistc 
i2.ii<btirznm£. B-izm—<r>^mmzi&i&tKmii. 
* yvtm-ctimmzmf £ 1 *> ic * ^sg-c-fi^ffc-r 

£SlcEBLfc&*Jp nJf t^eA^jgtt^&ttifS^ 
tefc^T. ite?«ipn@O^H(c, KU7 $ 

?<D&imzB}$.£nT^z>zt&&mt-?z>ffii£m 1 2 

*©«ffiS«-3Ti>*c«i:*»»<kr*lil**l 2E« 

[If JtcJS 1 5 ] ftiJE^ V ^^7s h y/1fg*fid<» p n 
®<nTJjlzmi$.£tlT^2>1&t&m.lgi£mMLT<,>Z>Z\<t 

[0 0 0 1 ] 

SriTf title . ^-7^ffi-Ctt!SfZffrs3iyiJp ni* 
Sfe-St*giJ^:«ES{«jfi£fii>l5MOSFET (««y- 
hM^*H7>-^^) , IGBT (iK»y-hA' 



*^T> BHpnB4>flBfC. »-»«S!*fcJatB-» 

cw*JB2] imp nma>mmo*ss/mm^mmm w 

flENDJW, tttt^^W^^BEESVoss (V) <hLfc 
<h#, 5. 6 2 x l 0"x Vdss-»-36 (cm-3) j£TFT 

Z. £*&Wl t-T SB #« 1 E«<0B«*¥Wtt» 

To 

T. 20 
l»#JB5 3 BE^iT*^* h7/t«8^ M^JpnJf 

MMM6 1 at*OpnJI<Z)HH«C, m-^m^cOiSffitn: 
r *05F*E%**«, rtflJ03fc?iJpnll<7)fi-»«a)IE5fc<Z)^F 

[»*»8] X*lpnB0>HBIC. ^-^S^CDiSffitrE 

jE»©^*EWfi^, rtffiJcoM^Jp nBcoftBttCDjEflc© 
T*e»SfcSff«l/^Ci*»«i:-r*»*JK 1 KEtt 

E«©iHB**MM**T. 

wtsnfc««t, B-tB^iBraKfiffittBfc. 

H U 7 h B«£B:rWBS!tJ: W 0 <h ft 
SSfcEBLfcltMp nltSIA^M^iff^ 

©Ba*ttic*^T, ifi«»t*****±jc. -bleu 

Ift < »#W&-f * >ft A fC ct 3 TMIfcO K - e > ^ £ i3 



$#53 2 0 0 1 - 1 5 7 5 2 
2 

XSCEBUfcStWp nBttBitsafllS^^WK^ 

JRffla^J:0^««l*ffi«S-ttTJB— *BS!K 
£\ *-G>rt«G>aMBJp nB<0ftB«t&-f *>8EABSU: 

ofe/h$<R2&L, mftmnm-mmmFoybm® 

««« L<T^ci ££tttt£r*£jK«¥*tt£?<0B 

Ktt&n&BBi. »-tSB-flD£BM^«ffittBt, 
* >«B-CttB«t *«r i t £ * y tttt-CttfflSft-r 
^E-MI F U 7 hB«t»ni»Bffltt«JOB«tft 

xatcEBbfcffiWp nitmsatt*****? 

fc*HT, ttMpnBOBBK. HU7HI«fcW-» 

?<o«B*c»j«anTif^^tt*«i:ra»*3Hi 2 
Et©a»^**#*f. 

[»*S14] BB^**;U;* ffi^Jpn 

ZftWLtT ^18*^1 2 JcEBtDffltt^^W^B^. 
[11*91 6] iWE^V^X h-;A««l:fir*^ 

2Et©a»§*»#* : F. 
[0 0 0 1 ] 

6^1f^«S«iiSi^MOSFET 



3 

[0 0 0 2] 

[0 0 0 3] ca>BBK:»"f ^/Bfttti UT\ K U 7 h 

SSfcBBL&ttWpnBTilMSU *:7#tag(7)<h# 

EP 0 0 5 3 8 5 4, USP 5 2 1 6 2 7 5, 20 
USP543821 S&&T**%W<Z>%Wmt>\Z&Z>ft 
ffi¥9- 2 6 6 3 1 l^fSCl^^tl^o 
[0004] gJlOtt, USP5216275 

nfc*»#K«<^-*»«T»-5iaa!Mo sfe toss 

. ffJT*£>£ 0 1 3 a*4p«?x;KH«L 1 3 b«p+3>^ 
*h««* 14ttn*V-XB«, 15tty-MS» 
JR. 16tty-h«i, 17ttV-X«S, 30 

[0 0 0 5] CCDK'J7Ml2ttWH n + HK 

9, X&ffianBM&jSSU a*WCn*Hl/*r >B 
1 1 hU>^£x^>^LTn K'J 7 h«« 

12a<hbfc^ MIChU>^rtfCXtf^^vv;U^^ 
<fc0 pS«*jfc:RLTpttfflD««l 2 b*W$n 

[0 0 0 6] fcfc*S3fl<B»H#6W;, *>ttffi-m« 

KftaE-rtfbfc 5j-7ttS8T«ffi2ffc-r*afcMpnB 40 

[0 0 0 7] 

[58B*«»»U«fc5fci-*BB] L**U ttB^BBT 
B^ftlt, *«tco8En«3tMpnB^6&* K'J7 h 



4#53 2 0 0 1 - 1 5 7 5 2 
4 

[0 0 0 8] -#W£»flE*iSiLT«:, #J;Lfc£#-K 

u>^7^Hi/Hyi/-b4£^$n^ t #— f 
^(Dmmz^rztzfto^xzMfiL. *m®mA&& 

[0 0 0 9] c©<fc"5&«Rfce^*»9B©BWtt, * 
>»6ii:iHEt^h^-H*7B«**«Jcek»L, U 

[0 0 10] 

^-<h^-^^®ch, *:tL?n<n3Lmztmt> 
nrzmmt. B-tB-osBBcfiSttBt. *>i* 

h' U 7 F«*t«z:»Ba!tt«0 B*£*S£SK: 

@5^u^m^jp nmt*mzzm&&*mf$m : T'\z&^ 
x. &&ivnm<Dm®iz, m-mnmzfztewi-mmm 

[0011] mmpnme>mmizi$&mmi£&mfx* 
^m^mm<o^m^<Dm&mmmz^^^o 

SR^OiBJE^VDSS (V) £Ltc£%. 5. 6 2X10 
itxVdsS" 1 ^ (cm-3) &TX&Z>*><D£TZ>o 

[0 0 12] Mt^<t7l:5. 6 2X1017XVDSS 

-136 (cm-3) aT<&«£»*T&*ltf> 4$lCft&(Dci; 
'3a:*-Ky>y*ifi«&K^a:<T s b, 

tf-\zv>?mmmzwtrtx*>&\,*. 

m<DTmzB&2nx^%i&&mM£mmisX^z>b<D 
[ooi3] m&fam&ommizTS&fommtw-mn 

it, h^tb&mmmtvxte. ^m^y^mm 

tfi* IIEft*^ hy/^B^TBtotlT^SfeOfct" 

[0 0 14] MWpnB(DHBJC. *-#«aicDKfitn; 
*Ife££#-r£££, in«OSir;»«S{t«0fB««), 
l?]pnBfl)Hii:, m~^mSlco^f£in:m^^WT^ 
£*. «tt«<0W-H»*ffi K 'J 7 h««0)IE*c0>*«W 



(4) 
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[0 0 1 5] M^Jp nJf CD/IBUC m-SmMcoSSfet 
0B«, atWpn»<D«H^, JB— »«Sa)iB»tri«« 
««<D«ll«<7)iE*<©^ie«i«*^ SWAP nJB<0#W«<0 

[0 0 16] ±E©i3tt«***»#«T©Ba*tt 
«l«tDfe'h4<R«U »*WB©SB— W«5!tl:«0«« 

[0 0 17] 30 

ufcn*>««n ^n^nm^> ie?l**»*^ 'J7t 

[**fi«l] Bill *XH0%1K0! l ®££<z>jBft£- 
MOS FET<D«afflO»»WrjiiBI"C*0, B<0*B*< 
nft^MiMOSFET^STW, 

[0 0 1 8] 01 IC*lr>T, llliilStSOn+HH <o 
>«, 12ttnK«J7m«12a. ptt«I0««12 
b i*^6i3t«p nl© K U 7 ^ffiMlZ 
tt. pttWOBWl 2 bJC««l/Tp*x;U«*l 3 a 
AWSntl^. ptfx;i/««l 3 aOrtSRKn'y 
-X^gfeJcl 4 tiffi»fl[©p + n>^^ hSS® 1 3 b£*« 
»«SnTV>5. n+V-X«*14tnH'J7HW 

1 2 a£K**nfcp9xJUB*l 3 aOMildl, 

9 5 3 ba>affitc*ii»c««i"*v— ^msi so 



7d*8Stt&ftT^£. n + HK>il KOScB^ttH 
K >1I1 8^RttSnT^S. 19tt*BS«*«t 

z/*J*#7X (PSG) 3^6ft«. V-7lil7H 
B<D£5lzMWl»Mkmi 9 a*^Lty-hllIl 6 
0>±£Bft2n« B«b£^«#T. 

5. K'J7 hH 1 2 (Do "5 K'J 7 h«8fE^8En*<Ott. 
nHU7M«12aT*^ WTTtepttWOftS^ 
l 2b*^»fcM?»ipn)i*HU7hHl 2£»-KCfc 

[0 0 19] n K'J7h««l 2a<hptt^)0i«12 

ffl»*HM*#*^<0«*«&«iiT** H U 7 Nil 
12^iT, pttfflD<S«12b^«i:n-SSfi 
M*£2 0«$tlW^a^>htfe^ n KU 
:7h««l 2 atptt«J0«*l 2 bfc^fiBW&JKtt 

[0 0 2 0] MAH 7 0 0 V^7X(OMOSFET(h 

££>o n + HK >11 KBitJgiateO. OlQ-c 
m, f^ 3 5 0 /zm, H "J 7 bM 1 2 £>J¥£ 4 8 u m, 
nH'j7 bfigi^l 2 a43«fctJCpftW0««l 2 bOtlS 

^M««i£3. 5X10l5cm-3, p^i;H«13a 
<DJ6«iSI$ 1 u m, £B7&e4ftB& 1 x 1 0 17 c m-3, 
n+V— 4 0)l£«gES0. 3/im, 
Kl x 1 0 20 C m-3, n-iftffifit<S«2 0<D^*E«JB 
7. 6 X 1 0 l3 C m -3j^T> g2 0 0 MmW, 
[0 0 2 1 ] n-iSffifitlSJ*2 0H #|;UiXfc!**~> 
WWJ&RICJ: Oi^tlS. nHU7h««12aUn 

^;i//£gfcJ;0^i8£n, Ii:pft9)0««i2bH 
nKU7MB«12 a Jctttt^tlfcffl 0 Ttf g&tCXtf* 
^->^J^SlC«t 9^»LTfl2J5rf l£!2 (a) tt, 

^MittftK:/ p 7 >r ;i/T*^. p tt^ o mm i 2bn 

n K'J7 2 at*S?«»W**K, 

[0 0 2 2] Hlcaffitg^MOSFETttiSfm. 

JE**93»USn-5t, y-htt«JB 1 GiETtBptfxJMH 
«13a<DSBii:Sei*«RiBSn, n*V-X«tt 
1 4^6RIEll*ilt;Tn5 1 r*;H!a« 1 2 e lcffi^# 
ffiA^tl^c t^SASftfctWn KU7HW1 2 
a*Ii;TntHK>lll(:iU H K >ti 1 
8, V-X*I17BA«»It*. 
[0 0 2 3] y— Mill 6^0>iEa)«JEE^ffiO£6) 
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©fsn^o Mfc, ajA-r 7x«JES*€r<"r*<t. &p 

ft«JO««l 2 bttp?x;U*ttl 3 at*LT7-X 
•Sl7Tl8SftW50t. p^xJUSg^l 3 at 
nft*;WI«12ei©Ma)pntt&J a, nHU7 
hflttl 2atptt«0S«l 2 b ta>|fi!0>pnttftJ 
bfrSWfnSSiWn F'J7HWH 2 a, pttffl 

[0 0 2 4] pntt^J b^60SE2:W4. n F U 7 h 

*. fcT, n HU7h««l 2 a^JEttBSSrSSaS 
S:t^T*-5. *fcptt«0««l 2 bfeHWFtCffiS 

ftsn*. ptt«oa«i 2 b*>?8«op n»-&^ea2 

•1 2 btn H'J7H*1 2 a t £££fCfl2/£-f £ C t 
tCcfcO, BWjrT*n KU7 hffittl 2 aOS^SSi 

pft«J0S«l 2 b^fi^i^^iitt, ^o>fl\ n 

h«S^l 2 a©WfBf*«)16**H*Ct**-e* 20 

[0 0 2 5] MAH Se*omB<7)iSffieiK ! J7 hJf£ 
ffOlfMOSFETTH 7 0 0 V^7^©IEW 
*fc»KlH:, hJil 2<7)5F»Ei»ii«tLTtt2 x 

10Hcm-3, i3 8 0umS8^iT*^fc^ 
* mM<D&iSt'&MO S F ETtrH nF'J7 K«« 12a 

- Hl2©fS*i<TSfcfc*, *>J£#EtLTte:#J 

[0 0 2 6] n-S5StS««2 0^5F*E*«a«:3EAT 
H«<0n^**;i<S!MOS F ET^ffl, £*i^CD*S 

tt, nft*JHMO S F ETCDffiiJE (Vdss) O^FfcE 

»«2 0^««iS. MEttttWffi (Vdss) 

{ * it fc « ^ <D « jft T * 3 . 
[0 0 2 7] n-KStt»«2 0<O^W«»8ENd^ 
5. 6 2 x 1 0 17 x Vdss-I-36 (cm-3) *«*-fcl6H 

Ttt^F*E»fi«ttfcfI»JE^ffi;TUTV^^, -MlJEA 

«. :nii #?IE#n-««tt(B«2 0 co^Mi^ig 
SlCfcfcl". ftSO K U 7 M 1 2 ©»»T»fisnt 

[0 0 2 8] Pg^Mtt^SteSJE Vdss<£> 1 • 36S 
tCi£fcfc0«LTV>5<DT, Bl^»«E©MOSFET© 
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#^SS#J 1 oaWMOS FETTIt il^fcd&frn 
S£oT. xa»*^tt<TTtrt^5Wj«*<**. 
[0 0 2 9] fcsfc, n HU7M«1 2 a<&ffl€:lfc< 

u <-rntf. ±oni<B*>»8t<0ffi 

ML *i«*>«tat»EEt<Z)M/-H*7H«©8k# 

«5S#J2] B10J:5ft«HfcfcO«ttftMOSFE 
TODM^Jp nS^Slig^ffitUT, xt^^^ytMS 

n 2 0*xK**S/ir^**T*I 

7 hfg«l 2atptt«DS«l 2b(h$M«-t 

[0030] B4«. ^FMi»<z)a»ii**t«txt;^* 

OSFETO«jR8S<7>«»BfSHT*^. H 1 OBfrffiH 
iOjMin KU 7 2 a t'pft«0(H«l 2 b 

0. ffi^Jpn)l<D»^fllW«pttW01!S«T**»'&, 
<&*ttffl<0pttfcJ9««* 1 2 c tU rtflJ<Z>pttfflO 
1 2 btTS. 

[0 0 3 1 ] ptt«J0««l 2 b, 12c€r, T9**7 
^^««<0a«WttftAtJRtt*lC±oT»J«t"*t, 
#&*<)7 5 0V **^WEE*<»6 0 0V KHftTLfc. 
B2 (b) tt. C<7)lg0$:iftB^-r ; 5^F^i§S[^'D^ -T 

[0 0 3 2] p tt#l 9 1 2 b, 12c€r, Hi; (SO) 
TX^^LT<t>aAt^<i:t 4 ptt^J0«S^l 
2 bH WffiSrn K"J7 hM^Sl 2 aT&£nT*5 9, 
p tt^ 0 SP£ 12cH HMBM<n K U 7 hSi 1 2 
at^O, t>5-*W«lttn-KfiR««2 0 t&ot 
<f>*. n-KStn;««2 0<D»JTpttffl0« 

feil2c <KT 2tt9^Wfa*:Zi >^>-fe— hT^lirt* 

[ 0 0 3 3 ] ptt«0Ofi«12c(t ptt« 

0flS«l 2 b«tO«3&«J£<. »iS^>E«!l»ft s bB<tto 
TL^(DTM, H5I1 iRffi<0ptt«91H« 1 2 c 

W0<H««rl 2 b<OjE*^M«b«T««ftL>S:pfl:W0 

[0 0 3 4] H^6pft«J0«4El 2 c^^MitlSt-ti 
MltfftO, ptt«0««l 2 b(7)^FMitlfit[^UtC 
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S8l2b, 12ct, nK'J7 hftMl 2 a tOl^M, 

[0 0 3 5] *W^'f 3f>aA*5«t«3»*t«HcfcO pft 
«J0««1 2 btpft«0S«l 2 c i&ffllSNCJgdcL 

B6I2. »JEO«?HW<0ptt«J0««l 2 cOVX^ti 
«9tt*«T»ttHT»5. «(*«ptt«0««l 2 c 
<DVX*tt, ««lttiHEET»*, ptt«JD««l 2 bfl) 
TX^ti[J2. Sum , S5«K-XIS1X 1 O^cm 

[0 0 3 6] **V«0> p tt«J 0 «« 1 2 c(D7X^tiC 

p{t«0<g«l 2 b^)iE»5FlW«tt«i*b<-r SfiT 

«Atf«*HHa>ptt«J0««l 2 c 

OVX*«*rtffl<7>pttW0«*l 2 b tWUtbfc* 

&tt, »EEtt»6 0 0V KUttTT*. 
[0 0 3 7] H7ttptt«J0»«l 2 c<Z)V**«* 
1. 6umtLrch^0^m^mmyay^)lT$>^>o 

Bfc*ttF^-*»»©. -ftlWIttr^-lr^^M*© 

ptt«3o»^i 2 cttaxi^«6snTv^fc 

, [0 0 3 8] H8tt*Bfl:Lfc<*>ftAffi^X*<B3 

»1 2 C^itf 3 -^-BOpttWO 

«Atfrt«©pfl:«J0«*(l»dEBSl 2B©7^^S 
tt2. 5 umTfcO* «»««)pft«0 1 
2C*J:tf3-^- «©pft«0*«©«Wt»«|«l 2 
D(07X^BIil. 6 (im^Sc Ml 2 Attn KU 

ttpft«D0M«a)»jGKff 1 2C43«fc^3— SB^ptt 
W0 1 2D<7)ai*<E^^/f»-I?» 

[0 0 3 9] £t±<0*PJ»tt. &#lp nB<Z>fift«IM*n K 
'J 7 KB*©«&i: fe« it 4 : i 

»ss#]3] H9tt. *mnwnmm 3 <DWtm<Dm&& 

MOSFET<DSB»aSB0T*O, ^S0nft*M 
OSFET^S&TSS, 

[0 0 4 0] H9K*5^T\ pftWOWKl 2 b<0BH 
Kn-KSSi««2 0#EBSnT^£tDttHl iBi; 
T*57^ ^CDn-iSffifiiS«2 0CB«LTnft* 

tr^ 0 fit, 7 ^OT±t*«:«) n f t *A 
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«g«2 1 <^affil:««LtftW^ hy/tfS2 2rt* 

[0 0 4 1 ] CCD^^tt, n-KIS!ffl!M2 O0««£ 

J:0^< LT, mxiil 50mib <hUT, *S§{*J 
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